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(57) ABSTRACT

A method of storing sensor data 1n a sensor tag 1s provided.
The method comprises recerving new sensor data output from
a sensor, comparing the received new sensor data with imme-
diately previous sensor data to determine whether the com-
parison result satisfies a predetermined criterion, and storing
the new sensor data 1n a tag memory when it 1s determined
that the criterion 1s satisfied. Accordingly, efficient use of the
tag memory 1s possible.
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RFID SENSOR TAG AND SENSOR DATA
STORING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application No. 10-2008-0125366, filed
on Dec. 10, 2008, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

The following description relates to a radio frequency 1den-
tification (RFID) technology, and more particularly, to an
REID sensor tag.

2. Description of the Related Art

A radio frequency identification (RFID) technology 1s a
technology that allows pieces of information to be read out
from RFID tags applied to products or objects over a short
distance by use of radio frequencies. A tag to be applied to a
product contains all kinds of information on production, dis-
tribution and customer. Therefore, through the RFID tag, the
information can be transierred to other information systems.
An RFID system comprises of an RFID tag for storing infor-
mation and for exchanging information through a wireless
protocol and an RFID reader for RF communication with the
RFID tag. There are generally two types of RFID tags, active
RFID tags and passive RFID tags, depending on whether a
self-power supply 1s present. The active RFID tags contain a
battery and operate autonomously and the passive RFID tags
have no battery and extract power components from contigu-
ous electromagnetic waves output from the RFID reader and
received through an antenna to generate power. The active
RFID tags have advantages in reducing the required power of
an appropriate RFID reader and having an increased recog-
nition distance, but have limitations in price and application
since the RFID tags include a power supply. On the other
hand, the passive RFID tags are inexpensive and can be used
semi-permanently, but have a shorter recognition distance,
make the RFID reader use more power and cannot store as
much data as the active RFID tags can.

With the expansion in use of the RFID tags 1n various fields
of technology and the diversification of applications, func-
tions of the RFID tags have become more varied. In particular,
the amount of data to be stored 1n an RFID tag for simple
product management may be only several bytes, but a sensor
tag such as a ubiquitous sensor network (USN) may store data
ol several thousand bytes. In the storing of data sensed via a
sensor, the sensor tag can enhance the efficiency of the sensor
and more appropriately function as the amount of data to be
stored 1n a memory space 1ncreases.

However, as the amount of data to be stored 1n the sensor
tag increases, the capacity of a memory becomes larger,
resulting 1n an 1ncrease in power consumption. If the power
consumption icreases, a passive sensor tag cannot be used.
Moreover, even 1f the sensor tag 1s of an active type, the

lifetime of a battery 1s shortened, causing various limitations
in use. Especially, since the memory of an RFID tag 1s gen-
erally non-volatile, processes of erasing current data and writ-
ing a value of new data have to be performed 1n order to write
the new data. Furthermore, since a high voltage 1s required for
the processes, the total power consumption may be increased.

SUMMARY

Accordingly, 1n one aspect, there 1s provided a technology
for using a memory eificiently by preventing a large amount
of data from being unnecessarily stored 1n a tag memory.
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According to one aspect, there 1s provided a sensor tag
including a sensor unit to sense at least one piece of sensor
data; a radio frequency (RF) communication unit to perform
wireless transmission and receiving of a signal with a radio
frequency 1dentification (RFID) reader; a storage unit to store
commands and data for tag operation and the sensor data
obtained by the sensor unit; and a control unit to compare new
sensor data of the sensor unit with immediately previous
sensor data and write the new sensor data 1n the storage unit
when the comparison result satisfies a predetermined crite-
rion.

The control unit may include a sensor register to store the
new sensor data of the sensor unit, a memory register to store
the immediately previous sensor data of the sensor unit and a
comparison unit to compare the new sensor data stored in the
sensor register with the immediately previous sensor data
stored 1n the memory register to determine whether a value of
the comparison result satisfies the criterion.

According to another aspect, there 1s provided a method of
storing sensor data 1n a sensor tag, including: recerving new
sensor data output from a sensor; comparing the received new
sensor data with immediately previous sensor data to deter-
mine whether a value of the comparison result satisfies a
predetermined criterion; and storing the new sensor data in a
tag memory when it 1s determined that the criterion 1s satis-
fied.

Other features will become apparent to those skilled 1n the
art from the following detailed description, which, taken 1n
conjunction with the attached drawings, discloses exemplary
embodiments of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a radio frequency
identification (RFID) sensor tag according to a related art.

FIG. 21s ablock diagram 1llustrating a sensor tag according,
to an exemplary embodiment.

FIG. 3 1s a block diagram illustrating an example of the data
comparison unit of FIG. 2.

FI1G. 4 1s a flowchart 1llustrating a method of storing sensor
data according to an exemplary embodiment.

Elements, features, and structures are denoted by the same
reference numerals throughout the drawings and the detailed
description, and the size and proportions of some elements
may be exaggerated in the drawings for clarity and conve-
nience.

DETAILED DESCRIPTION

The following detailed description 1s provided to assist the
reader 1n gaining a comprehensive understanding of the meth-
ods, apparatuses and/or systems described herein. Various
changes, modifications, and equivalents of the systems, appa-
ratuses and/or methods described herein will suggest them-
selves to those of ordinary skill in the art. Descriptions of
well-known functions and structures are omitted to enhance
clanity and conciseness.

FIG. 1 1s a block diagram 1illustrating a general radio ire-
quency 1dentification (RFID) sensor tag. As shown in FIG. 1,
the general RFID sensor tag includes a radio frequency (RF)
communicationunit 110, a sensorunit 120, a storage unit 130,
and a control unit 140. The RF communication unit 110 is
formed of an RF modulator and demodulator to provide RF
signal transmission/reception with an RFID reader. The sen-
sor unit 120 includes at least one sensor, and senses various
conditions. The storage unit 130 stores commands and data
necessary for tag operation and the sensor data of the sensor
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unit 120. The control unit 140 1s configured to control the
general operation of the sensor tag and 1s operated inresponse
to the commands stored 1n the storage unit 130. In detail, the
control unit 140 controls the communication with the read
RFID, processing of the sensor data, and the storage unit 130.

The sensor data input from the sensor unit 120 1s written in
a memory address of a storage unit 130 which 1s automati-
cally allocated in advance by the control unit 140. For
example, 11 the sensor unit 120 1s set to perform sensing
operation 1n every ten minutes, the control unit 140 processes
the sensor data output from the sensor unit 120 every ten
minutes and stores the processed sensor data in the storage
unit 130. Generally, the sensor data consists of a sensor value
and a time value. The amount of data of one interval is
generally about 8 bytes (32 bit sensor data+32 bit timestamp).
Therefore, a sensor tag chip with a capacity of 1 Kbitonly can
store sensor data for about three hours. Although the storage
capability ol the sensor tag chip differs with a sensing interval
and the amount of data, a memory address 1s automatically
allocated for newly input sensor data to be written on storage
even when the new sensor data 1s the same as the previously
stored sensor data.

FIG. 2 1s a block diagram 1illustrating a sensor tag 200
according to an exemplary embodiment. As shown in FIG. 2,
the sensor tag 200 includes an RF communication unit 210, a
sensor unit 220, a storage unit 230, and a control unmt includ-
ing a data comparison unit 241. Although not illustrated, the
sensor tag 200 includes a self-power supplying unit since the
sensor tag 200 1s an active sensor tag. The RF communication
unit 210 includes an antenna, a modulator, and a demodulator.
The antenna 1s a printed pattern or a coil formed roughly
along a circumierence of the sensor tag 200. The modulator 1s
configured to modulate a signal received from the RFID
reader, and the demodulator 1s configured to demodulate a
signal to be transmitted to the RFID reader. The RF commu-
nication unit 210 1s well known to those skilled in the art, and
thus a description of its structure will be omitted.

The sensor unit 220 includes at least one sensor. The sensor
included in the sensor unit 220 may be one of a temperature
SENnsor, a pressure sensor, a humidity sensor, an 1llumination
sensor, a bio sensor, and the like. The sensor unit 220 1s active
under the control of the control unit 240. For example, the
sensor unit 220 operates periodically (e.g., every 5 minutes).
The storage unit 230 1s a non-volatile semiconductor memory
such as Flash ROM. The storage umt 230 stores commands
and tag identifier information which are necessary for tag
operation, and stores the sensor data output from the sensor
unit 220.

The control unit 240 1s configured to control the general
operation of the sensor tag 200, and may be implemented as
a piece of digital logic specific hardware designed as a state
machine, for example, an application-specific integrated cir-
cuit (ASIC) which 1s designed based on the tlip-tlop and a
gate. The control unit 240 determines whether new sensor
data output from the sensor unit 220 satisfies a criterion and
stores the sensor data 1n the storage unit 230 or discards it
based on the result of the determination.

The control unit 240 includes the data comparison unit 241.
FIG. 3 1s a block diagram illustrating an example of the data
comparison umt 241. As shown 1n FIG. 3, the data compari-
son unit 241 includes a sensor register 242, a memory register
243, and a comparison unit 244. The sensor register 242
stores the new sensor data output from the sensor unit 220.
The memory register 243 stores immediately previous sensor
data output from the sensor unit 220. The comparison unit
244 1s a circuit to compare values of the sensor register 242
and the memory register 243. The comparison unit 244 com-
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pares the values of the sensor register 242 and the memory
register 243 to determine whether the new sensor data satis-
fies a predetermined criterion. In one example, reference data
1s stored 1n the storage unit 230, and the reference data can be
changed by the RFID reader. The sensor data to be compared
may be output from the same sensor.

I1 the result of the comparison does not satisty the prede-
termined criterion, the control unit 240 does not store the new
sensor data in the storage unit 230, but discards 1t. On the
other hand, 11 the result of the comparison satisfies the pre-
determined criterion, the control unit 240 stores the new
sensor data inthe storage unit 230. In addition, the new sensor
data 1s overwritten on the memory register 243 to be utilized
as immediately previous data. In another example, the regis-
ters 242 and 243 may not be included, but the control unit 240
may read out immediately previous data from the storage unit
230 cach time a comparison 1s performed, and compares
current sensor data with the immediately previous data.

The determination of the comparison result from the data
comparison unit 241 may vary according to memory man-
agement policy of the sensor tag 200. For example, the deter-
mination ol whether to store new sensor data in the storage
unit may vary according to a criterion for comparison, €.g.,
the frequency of sensor data becoming present, a capacity of
a tag memory, and user settings. If a sensor 1s used frequently,
the amount of sensor data output from the sensor increases,
and thus pieces of sensor data from the same sensor can be
determined to have the same value even when there 1s a slight
difference 1n the comparison results. Alternatively, 1f the
capacity of the storage unit 230 1s large or the frequency of
operation of the sensor 1s low, the comparison criterion may
be more specific. That 1s, 1t 1s possible for the determination
criterion of the data comparison unit 241 to be set by a user.
The criterion may vary with consideration of the following
factors.

Frequency of operation of a sensor: the criterion may vary

according to how oiten a sensor 1s used.

The amount of sensor data: the criterion may vary accord-
ing to the amount of sensor data to be stored in a
memory.

The capacity of a memory: the criterion may vary accord-
ing to the capacity of a memory inside a tag.

Use environment or application method of a sensor: a sens-
ing interval may vary with the purpose of a sensor (e.g.,
temperature monitoring, 1llumination monitoring, and
pressure observation), and the criterion may, accord-
ingly, be changed.

Frequency and method of communications between a tag
and a reader: since sensor data which has been already
read by an RFID reader does not need to be stored,
frequency of storing 1s increased if the tag communi-
cates with the RFID reader frequently, and otherwise the
frequency of storing 1s lowered.

FIG. 4 1s a flowchart illustrating a method of storing sensor
data according to an exemplary embodiment. The method of
storing sensor data will be described with reference to FIG. 4
in conjunction with FIG. 2.

The control unit 240 receives sensor data input from the
sensor unit 220 (operation 410). The received sensor data 1s
stored 1n the sensor register 242 (operation 420). The com-
parison unit 244 compares a value of the sensor register 242
which stores the new sensor data with a value of the memory
register 243 which stores immediately previous sensor data
(operation 430). It 1s determined whether the value of the
comparison result satisfies a predetermined criterion (opera-
tion 440). 11 the criterion 1s not satisfied, the new sensor data
stored 1n the sensor register 242 1s not stored 1n the storage
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unit 230, but 1s discarded (operation 450). It the criterion 1s
satisfied, the value stored 1n the sensor register 242 1s over-
written on the memory register 243 (operation 460). Then, the
value of the memory register 243 1s stored 1n the storage unit
230 (operation 470). Meanwhile, 1n operation 450, the sensor
data may not be completely discarded, but may be copied to
the memory register 243. This 1s because the sensor data can
be utilized as immediately previous data with respect to sub-
sequent sensor data. As described above, reference data to be
used for comparison may vary with the frequency of sensor
data becoming present, the capacity of a tag memory, and user
settings.

Accordingly, 1n the storing of data sensed by a sensor,
allocation of memory space can be determined by comparing
current sensor data with immediately previous sensor data.
Therefore, 1t 1s possible to store a large amount of sensor data
obtained for a long period of time 1n a memory space of a
sensor tag. In addition, the capacity of the memory can be
mimmized 1f necessary, thereby reducing the size of the sen-
sor tag and reducing power consumption.

A number of exemplary embodiments have been described
above. Nevertheless, 1t will be understood that various modi-
fications may be made. For example, suitable results may be
achieved 11 the described techniques are performed 1n a dii-
ferent order and/or 1f components 1 a described system,
architecture, device, or circuit are combined 1n a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What 1s claimed 1s:

1. A sensor tag comprising:

a sensor unit configured to sense at least one piece of sensor

data;

a radio frequency (RF) communication unit configured to
perform wireless transmaission and receiving of a signal
with a radio frequency 1dentification (RFID) reader;

a storage umt configured to store commands and data for
tag operation and the sensor data obtained by the sensor
unit; and

a control unit configured to compare new sensor data of the
sensor unit with immediately previous sensor data of the
sensor unit and write the new sensor data in the storage
umt when the comparison result satisfies a predeter-
mined criterion,

wherein the control unit comprises a sensor register con-
figured to store the new sensor data of the sensor unit, a
memory register configured to store the immediately
previous sensor data ol the sensor unit, and a comparison
unit configured to compare the new sensor data stored in
the sensor register with the immediately previous sensor
data stored 1n the memory register to determine whether
the comparison result satisfies the criterion,

wherein the control unit 1s configured to overwrite the new
sensor data over the immediately previous sensor data
on the memory register after determining that the com-
parison result satisfies the criterion, and

wherein the criterion varies according to frequency of
operation of the sensor unit.

2. The sensor tag of claim 1, wherein the control unit 1s
configured to discard the new sensor data when the compari-
son result does not satisiy the criterion.

3. A sensor tag comprising;:

a sensor unit configured to sense at least one piece of sensor

data;

a radio frequency (RF) communication unit configured to
perform wireless transmaission and receiving of a signal
with a radio frequency 1dentification (RFID) reader;
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a storage unit configured to store commands and data for
tag operation and the sensor data obtained by the sensor
unit; and

a control unit configured to compare new sensor data of the
sensor unit with immediately previous sensor data of the
sensor unit and write the new sensor data in the storage
unit when the comparison result satisfies a predeter-
mined criterion,

wherein the control unit comprises a sensor register con-
figured to store the new sensor data of the sensor unit, a
memory register configured to store the immediately
previous sensor data of the sensor unit, and a comparison
unit configured to compare the new sensor data stored 1n
the sensor register with the immediately previous sensor
data stored 1n the memory register to determine whether
the comparison result satisfies the criterion,

wherein the control unit 1s configured to overwrite the new
sensor data over the immediately previous sensor data
on the memory register aiter determining that the com-
parison result satisfies the criterion, and

wherein the criterion varies according to the size of the
sensor data output from the sensor unit.

4. A sensor tag comprising:

a sensor unit configured to sense at least one piece of sensor
data;

a radio frequency (RF) communication unit configured to
perform wireless transmission and receiving of a signal
with a radio frequency 1dentification (RFID) reader;

a storage unit configured to store commands and data for
tag operation and the sensor data obtained by the sensor
unit; and

a control unit configured to compare new sensor data of the
sensor unit with immediately previous sensor data of the
sensor unit and write the new sensor data in the storage
unit when the comparison result satisfies a predeter-
mined criterion,

wherein the control unit comprises a sensor register con-
figured to store the new sensor data of the sensor unit, a
memory register configured to store the immediately
previous sensor data of the sensor unit, and a comparison
unit configured to compare the new sensor data stored 1n
the sensor register with the immediately previous sensor
data stored 1n the memory register to determine whether
the comparison result satisfies the criterion,

wherein the control unit 1s configured to overwrite the new
sensor data over the immediately previous sensor data
on the memory register aiter determining that the com-
parison result satisfies the criterion, and

wherein the criterion varies according to the capacity of the
storage unit.

5. A sensor tag comprising:

a sensor unit configured to sense at least one piece of sensor
data;

a radio frequency (RF) communication unmit configured to
perform wireless transmission and receiving of a signal with
a radio frequency identification (RFID) reader;

a storage unit configured to store commands and data for
tag operation and the sensor data obtained by the sensor
unit; and

a control unit configured to compare new sensor data of the
sensor unit with immediately previous sensor data of the
sensor unit and write the new sensor data in the storage
unit when the comparison result satisfies a predeter-
mined criterion,

wherein the control unit comprises a sensor register con-
figured to store the new sensor data of the sensor unit, a
memory register configured to store the immediately
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previous sensor data of the sensor unit, and a comparison
unit configured to compare the new sensor data stored in
the sensor register with the immediately previous sensor
data stored 1n the memory register to determine whether
the comparison result satisfies the criterion,

wherein the control unit 1s configured to overwrite the new
sensor data over the immediately previous sensor data
on the memory register after determining that the com-
parison result satisfies the criterion, and

wherein the criterion varies according to a type of datato be
obtained by the sensor unit.

6. A sensor tag comprising:

a sensor unit configured to sense at least one piece of sensor
data;

a radio frequency (RF) communication unit configured to
perform wireless transmission and receiving of a signal
with a radio frequency 1dentification (RFID) reader;

a storage umt configured to store commands and data for
tag operation and the sensor data obtained by the sensor
unit; and

a control unit configured to compare new sensor data of the
sensor unit with immediately previous sensor data of the
sensor unit and write the new sensor data in the storage
umt when the comparison result satisfies a predeter-
mined criterion,

wherein the control unit comprises a sensor register con-
figured to store the new sensor data of the sensor unit, a
memory register configured to store the immediately
previous sensor data ol the sensor unit, and a comparison
umt configured to compare the new sensor data stored 1n
the sensor register with the immediately previous sensor
data stored 1n the memory register to determine whether
the comparison result satisiies the criterion,

wherein the control unit 1s configured to overwrite the new
sensor data over the immediately previous sensor data
on the memory register aiter determining that the com-
parison result satisfies the criterion, and

wherein the criterion varies according to the frequency of
communication between the sensor tag and the RFID
reader.

7. A method of storing sensor data 1n a sensor tag, wherein

the method 1s performed by the sensor tag, the method com-
prising:

receiving sensor data output from a sensor of the sensor
tag;

comparing newly recerved sensor data of the sensor with
immediately previous sensor data of the sensor to deter-
mine whether the comparison result satisfies a predeter-
mined criterion;

storing the newly received sensor data in a tag memory of
the sensor tag when 1t 1s determined that the criterion 1s
satisfied;

prior to determining whether the comparison result satis-
fies the predetermined criterion, storing the newly
received sensor data 1n a sensor register of a control unit
of the sensor tag and storing the immediately previous
sensor data 1n a memory register of the control unit; and

overwriting the newly received sensor data over the imme-
diately previous sensor data on the memory register
when 1t 15 determined that the criterion 1s satisfied,

wherein the criterion varies according to frequency of
operation of the sensor.

8. The method of claim 7, further comprising;

discarding the newly received sensor data when 1t 1s deter-
mined that the criterion 1s not satisfied.
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9. A method of storing sensor data 1n a sensor tag, wherein

the method 1s performed by the sensor tag, the method com-
prising:

recerving sensor data output from a sensor of the sensor
tag;

comparing newly received sensor data of the sensor with
immediately previous sensor data of the sensor to deter-
mine whether the comparison result satisfies a predeter-
mined criterion;

storing the newly recerved sensor data 1n a tag memory of
the sensor tag when 1t 1s determined that the criterion 1s
satisfied:

prior to determining whether the comparison result satis-
fies the predetermined criterion, storing the newly
received sensor data 1n a sensor register of a control unit
of the sensor tag and storing the immediately previous
sensor data 1n a memory register of the control unit; and

overwriting the newly recerved sensor data over the imme-
diately previous sensor data on the memory register
when 1t 1s determined that the criterion 1s satisfied,

wherein the criterion varies according to the size of the
sensor data output from the sensor.
10. A method of storing sensor data in a sensor tag, wherein

the method 1s performed by the sensor tag, the method com-
prising;:

recerving sensor data output from a sensor of the sensor
lag;

comparing newly recetved sensor data of the sensor with
immediately previous sensor data of the sensor to deter-
mine whether the comparison result satisfies a predeter-
mined criterion;

storing the newly recerved sensor data 1n a tag memory of
the sensor tag when 1t 1s determined that the criterion 1s
satisfied:

prior to determining whether the comparison result satis-
fies the predetermined criterion, storing the newly
received sensor data 1n a sensor register of a control unit
of the sensor tag and storing the immediately previous
sensor data 1n a memory register of the control unit; and

overwriting the newly recerved sensor data over the imme-
diately previous sensor data on the memory register
when 1t 1s determined that the criterion 1s satisfied,

wherein the criterion varies according to the capacity of the
tag memory.

11. A method of storing sensor data in a sensor tag, wherein

the method 1s performed by the sensor tag, the method com-
prising:

receving sensor data output from a sensor of the sensor
tag;

comparing newly received sensor data of the sensor with
immediately previous sensor data of the sensor to deter-
mine whether the comparison result satisfies a predeter-
mined criterion;

storing the newly recetved sensor data 1n a tag memory of
the sensor tag when 1t 1s determined that the criterion 1s
satisfied:

prior to determining whether the comparison result satis-
fies the predetermined criterion, storing the newly
received sensor data 1n a sensor register of a control unit
of the sensor tag and storing the immediately previous
sensor data 1n a memory register of the control unit; and

overwriting the newly recerved sensor data over the imme-
diately previous sensor data on the memory register
when 1t 1s determined that the criterion 1s satisfied,

wherein the criterion varies according to a type of datato be
obtained by the sensor unit.
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12. A method of storing sensor data 1n a sensor tag, wherein
the method 1s performed by the sensor tag, the method com-
prising:
receiving sensor data output from a sensor of the sensor
tag; 5

comparing newly recerved sensor data of the sensor with
immediately previous sensor data of the sensor to deter-
mine whether the comparison result satisfies a predeter-
mined criterion;

storing the newly received sensor data 1n a tag memory of 10

the sensor tag when 1t 1s determined that the criterion 1s
satisfied;

10

prior to determining whether the comparison result satis-
fies the predetermined criterion, storing the newly
received sensor data 1n a sensor register of a control unit
of the sensor tag and storing the immediately previous
sensor data 1n a memory register of the control unit; and

overwriting the newly recerved sensor data over the imme-
diately previous sensor data on the memory register
when 1t 15 determined that the criterion 1s satisfied,

wherein the criterion varies according to frequency of com-
munications between the sensor tag and an RFID reader.
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